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^3 (54) Title: POLISHING SYSTEM AND METHOD OF ITS USE 

(57) Abstract: The invention provides a system for polishing one or more layers of a multi-layer substrate that includes a first metal 
layer and a second layer comprising (i) a liquid carrier, (ii) at least one oxidizing agent, (iii) at least one polishing additive that 
increases the rate at which the system polishes at least one layer of the substrate, wherein the polishing additive is selected from 
the group consisting of pyrophosphates, condensed phosphates, phosphonic acids and salts thereof, amines, amino alcohols, amides, 
i mines, imino acids, nitriles, nitros, thiols, thioesters, thioethers, carbothiolic acids, carbothionic acids, thiocarboxylic acids, thios- 
alicylic acids, and mixtures thereof, and (iv) a polishing pad and/or an abrasive. The invention also provides a method of polishing 
a substrate comprising contacting a surface of a substrate with the system and polishing at least a portion of the substrate therewith. 

Q Moreover, the invention provides a method for polishing one or more layers of a multi-layer substrate that includes a first metal layer 
and a second layer comprising (a) contacting the first metal layer with the system, and (b) polishing the first metal layer with the 

^ system until at least a portion of the first metal layer is removed from the substrate. 
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POLISHING SYSTEM AND METHOD OF ITS USE 

TECHNIC^ FIELtf OF TKETP^NTit>l<l" 
This invention 'pertains to a polishing^ 
5 particularly a multi4ayer sxibsbate that includes a first melaf layer and a second layer. 

v: - ''" :!: - L ! " BACKGROUND" OF THE INVENTEON ' \ 

Iiategrated circuits ^e made up of millions ^ of active devices formed in or on a 
substrate, $uch as 'a silicon wafer. Tftte active devices are chemically and physically 

10 contacted into a substrate^ and : are interconnected through the use of multilevel 
interconnects to form functional circuit^ Typical multilevel interconnects comprise a first 
metal layer, an interlevel dielectric layer, and sometimes a third arid subsequent metal 
layer. Interlevel dielectrics; such 'as doped afad tmdbped silicon dioxide (Si0 2 ) and/or low- 
k dielectrics are used to electrically isolate the different mdtai layers. 

15 The electrical connections between different interconnection levels are made 

through the use of metal vias. U.S" Patent 5,74 ^62^ for example, describes a method for 
pi eparing dielectric TaN layers. Moreover, U.S. Piatent 4,789,648 describes a method for 
preparing multiple metallized layers and metallized vias in insulator films. In a similar 
manner, metal' contacts are used to form electrical connections between interconnection 

20 levels and devices formed in a well. The metal vias and contacts may be filled with 
various metals and alloys, such as, for example, titariitim (Ti), titanium nitride (TiN), 
aluminum copper (Al-Cu), aluminum silicon (Al-Si), copper (Cu), tungsten (W), and 
combinations thereof (hereinafter referred to as "via metals"). 

The via metals generally employ an adliesion layer (i;e/, a barrier film), such as a 

25 titanium (Ti), titanium nitride (TiN), tantalum- (Ta), tantalum 'nitride (TaN), tungsten (W), 
- oi^ tungsten nitride (WN) barrier film, to adhere the via metalsto the Si0 2 substrate. At the 
contact level, the barrier film acts as a diffusion barrier id prevent ' the via metals from 
reacting with : Si02. 

In one semiconductor manufacturing process, metal' vias' arid/or' contacts are 
30 formed by a blanket metal deposition followed by a chernicai^mechanical polishing (CMP) 
step. In a typical process, via holes are etched through an interlevel diblectric (ILD) to 
interconnection lines or to a semiconductor substrate. Next, a barrier film is foirrned over 
the ILD and is directed into the etched via' hole. 'Then, a via metal is* blanket-deposited 
over the barrier film and into the via hole. Deposition is continued until the via hole is 
35 filled with the blanket-deposited metal. Finally, the excess metal is removed by chemical- 
mechanical polishing (CMP) to form metal vias. Processes for manufacturing and/or CMP 
of vias are disclosed in U.S. Patents 4,671,851, 4,910,155, and 4,944,836. 
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Typical metal CMP systems cpntam an, abrasive material, such as silica or alumina, 
suspended in an oxidizing, aqueous medium. U.S. Patent 5,244,534, for example, 
discloses a systepi containing aliypina, hydrogen peroxide, and either potassium or 
ammonium hydroxide, which is useful in removing tungsten with little removal of the 
5 underlying insulating :.]ayej\ .„U.S. Patent ,5^209^816 discloses a system useful for polishing 
aluminum that comprises perchloric acid, hydrogen peroxide, and a solid abrasive material 
in an aqueous ii^iiu^ a tungsten polishing system 

comprising potassium femcyamde, potassium acetate, ace^ip acid, and silica. U.S. Patent 
5,391,258 and U.S. Patent 5,476,606 disclose systems for polishing composite of metal 

10 and silica which includes an ; a<queous medium,. abrasivq„particjes and an .anion which 
controls the rate of siUca removal. .J-LjS. Patent 5,770,095 discloses polishing systems 
comprising an oxidizing agent, a chemical agent, and an, . etching .agent selected from 
aminoacetic acid and ^utosulftaic .acid.. Other polishing systems for use in CMP 
applications are described ip LT.S, Patent? 4,956,31.3, 5,1.37,544^5,157,876, 5,354,490, and 

15 5,527,423. , ^ . .... 

Barrier films of titanium, titanium, nitride, and likejnetals, such as tungsten, are 
chemically active jn.general. Thus, such barrier films are similar, in chemical nature to via 
metals. Consequently, a single system, can be used effectively to polish both Ti/TiN 
barrier films and via metals at similar rates. Ta and TaN bajrier< films, however, are 

20 significantly different from Ti, TiN, and like barrier f films. Ta and TaN are relatively inert 
in chemical nature as .compared to Ti and TiN. Accordingly, the aforementioned . systems 
are significantly less effective at polishing .tantalum layers than they are at polishing 
titanium layers (e.g., the tantalum removal rate is significantly lower than the titanium 
removal rate). While jvia .metals and barrier metals are conventionally polished with a 

25 single system -djie.,tp ttyeit similarly high jempval rates, joint polishing of via metals and 
tantalum and similar, material? f using conventional polishing systems results in undesirable 
effects, such as ; oxide ^rosion and yia metal dishing. , 

Consequently, there remains a need for a system and/or. method of polishing a 
substrate comprising, a . first, mejal layer, and a second layer in a manner such that 

30 plmarization.effto removal ; rate : are maximized; and undesirable 

effects, such as ^ surface imperfections and damage to . underlying topography, are 
minimized.;; The ^vention provides such a system and method. These and other 
characteristics and advantages of the present invention will be . apparent from the. description 
of the invention provided herein. ; . , . , . 1 : 

35 , . t : , ; . :> , t/ , - ■ - . ... .. ... 
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BRIEF-SUMMARY, OF THE INVENTION. 
.The present invention, provides a system for polishing one. or more layers of a 
- multi-layer substrate that includes a first metal layer: and a SSCO nd: layer comprising (i) a 
liquid carrier, (ii) at least one oxidizing agent, £iii),at bast one polishing additive that 
' increases.the rate at .^ch the, system .poU ? hes : at : least ; one ^^flthe substrate, wherein 
the polishing additive,!?, sheeted from4he. : gro^p, condensed 
phosphates, phosphonic acids, and-, salts Ifeereof, amines, ammo .alcohols, amides, imines, 
. imino acids, nitriles, nitros,. thiols, thicesters, .tteoste carbothiolic acids,, carbothiomc 
acids, tbiocarboxylic acids, tliiosalicyhc acids, and mixtures thereof, and (iv) a F olishmg 

10 pad and/or an abrasive. 

The present invention also provides a method of polishing a substrate comprising 
contacting a surface of" a.suhstrate with the aforementioned system and polishing. at least a 
portion of the substrate therewith. Moreover, the present inventiojxprovid.es a method for 
polishing one or more layers of a. multi-layer substrate that includes a first metal layer and 
a second layer comprising (a) contacting, the, first metal layer with the system, and (b) 
polishing the first metal layer, with the system until at least a portion, of the first metal layer 
is removed from the substrate. : : ~ - r 



15 



DETAILED DESCRIPTION OF THE. INVENTION 
20 The present invention provides a system and method for polishing one or more 

layers of a multi-layer substrate that includes a first metal layer and a second layer. The 
system for polishing one or more layers, of a multi-layer substrate that includes a first 
metal layer and a second layer comprising (i) a liquid carrier, ; (ii). at. least one oxidizing 
agent (hi) at least one polishing, additive that increases, the .rate ; at which the system 
25 . polishes at least one layer of the substrate, wherein the polishing additive is selected from 
the group consisting of pyrophosphates, .condensed phosphates, phpnphonic acids and salts 
thereof, amines, amino, alcohols,; amides, .imines^aniino.aeids, nitrites, nitros, thiols, 
. thioesters, thioethers, carbothiolic. acids, carbo^ionic,. acids, tbiocarboxylic acids, 
Vthiosalicylic acids, and mixtures thereof, and, (iv) a; polishing .pad and/or an abrasive. 
30 Components (i), fii), and (Hi) of the ; system .of ,the. present invention are: collectively 
referred to hereinafter as "the liquid portion of the system^ The abrasive forms part of the 
liquid portion of the system when present and suspended in the liquid carrier. 

The system of the present invention can be used to polish any, suitable substrate, 
especiallv one or more layers of a multi-layer substrate,. Preferably, the system of the 
35 present invention is used to polish a multi-layer substrate that includes ; a first metal layer, a 
second laver. and optionally one. or* more .additional Jay-fcs.. Suitable first metal layers 
include/for example, copper (Cu), aluminum (Al), aluminum copper (AhCu), aluminum 
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silicon (Al-Si), titanium (Ti), titdnium nitride tTiN), tungsten (W), tungsten nitride (WN), 
noble metals (e.g> iridium (Ir), nitlieWium'(Rif)]'g61d (Au), silver(Ag), and platinum (Pt)), 
and combinations thereof; Suitable seS6nd layers - include, for example, titanium (Ti), 
^ titanium nitride -(TiN), tatmalu^ (TaN), ' tungsten (W), tungsten 

5 .". nitride (WN), G>xidesr^e^FsHi^ porous 
silica, fluorineKto^^gl^^^ organic polymers), and combinations 

thereof. The system of the present invention isr particularly well J sui ted for polishing a 
! substrate comprising ?a first mfctail layer df copper or a copper alloy (i.e., a combination of 
-* 1 • copper and one or "mote metals); ach 'adhesive lkyer of Ta or 1 TaN, ind one or more oxide 
10 layers. 

The liquid carrier can be toy suitable carrier (e.g.; solvent). Suitable liquid carriers 
include, for example, aqueous carriers (e.gr, water) and nori-acjueoUs carriers. Preferably, the 
liquid carrier is water; ; ; - '"■ : - 1 ' 1 , ; 

The oxidizing agent can be afriy suitable oxidizing agent. Suitable oxidizing agents 
15 include, for example, one' or m'ore per-comfiourids, which cbrriprise at least one peroxy 
' group (-CM3-). Suitable' per-compounds include, for example, peroxides, persulfates (e.g., 
monopersulfates and dipersulfates), percarbonates, and acids thereof, and salts thereof, and 
mixtures thereof. Other suitable oxidizing agents include, for example, oxidized halides 
(e.g., chlorates, brom&tes, iodates, perchlorates, *perbr6mates, periodates, and acids thereof, 
20 and mixtures thereof- iand the like), perboric acid, perborates; percarbonates, peroxyacids 
: (e.g., peracetic acid, perbenzoic acid, m-chloroperbenzoic acid, salts thereof, mixtures 
■ thereof, and the like), permanganates, chrorriates, cerium compounds, ferricyanides (e.g., 
potassium ferricyairide),* mixtures thereof, arid the like. Preferred 'oxidizing agents 
include,- for ' example, hydrogen peroxide, urea-hydrogen' peroxide, sodium peroxide, 
25 benzyl peroxidd, 'di-t^bi^tyl 1 peroxide, peracetic acid, monopersulfuric acid, dipersulfuric 
acid, iodic acid, &nd salts thereof, and mixtures thereof. 

Any suitable Amount of the oxidizing agent can be present in the system of the 
present invention. Preferably, the oxidizing agent is present in the liquid portion of the 
■ system in an ; amount of ; about 0.1-30 wt.%. More preferably, the oxidizing agent is 
30 present in the 1 liquid ^portion of the system in an amount of about 0:3- 17 ; wt.%. Most 
preferably,- the oxidizing agent is present in the liquid- portion of the system in an amount 
of about 0.5-10 wt.% : ; ^ - 1 ' 

The polishing additive can be any* suitable compound that increases the rate at 
which the system polishes at least one layer of the substrate. Suitable polishing additives 
35 include, for example, compounds that bind to copper: Preferably, at least one polishing 
: additive is an organic polishing additiv^ ^lt is also preferable for the polishing additive to 
. . be at least one compound selected from the group consistirigtof a phosphorous-containing 
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compound, a nitrogen-containing compound, a sulfur-containing compound, an oxygen- 
■ containing compound, and mixtures thereof. .;•.:'!" 
. . .. ni The . polishing additive can. be any /suitable ^phosphorous-containing compound. 
Suitable phosphorous-containing compounds "includey. ft* example, phosphates A e.g., 
5 pyrophosphates,, M-phosphates,--condefisedophospJ^, ^hdspltenic'- *ei<is (e.g. mono- 
phosphoric acids, di-phosphonic acids; :tri-phbsphGric<^ and 
salts. of •phosphoric^i^>>PrefeiTed.;pho^oJ®U^Wt^g" eorhpounds include, for 
sxampler-Dvrophosphatcs;: .phosphonda^c--.-'acid,-^yldQ« di-phbsphonic acid; 1- 
hydroxyethy'liden^l ,1 -di-phosphonic acid;: and mixtiires-theredf. Preferred phosphbrous- 
10 containing compounds also include, for example, M„ +, H 3 -nP04 and M m +1 H4-mP20 7 , 
wherein M? is a cationic species ; (e.g., Na; K, ©s y Rb),^),.^ 0-3, mdm = 0-4. 
Moreover; a preferred phosphorous^containmg compears' < R-O-PO^ wherein R is an 
organic moiety selected from the group consisting* of alkyl, aryl, cyclic, and aromatic 
groups having from l-18 carbon atoms. a ^ ; ' 

15 The polishing additive also can <be ahy; suitable mtrogeh-containing compound. 

Suitable nitrogen-containing compounds' comprise, for example, one or more ; groups 
selected from amines, amides, amino acids, imries, iriides, imino acids, nitriles, nitros (R- 
NO.), and mixtures thereof. Accordingly, suitable nifrbgen-cbntaining compounds can 
comprise,,^ example, one or more c groups selected from! primary amines, secondary 
20 amines, tertiary amines, amino alcohols, hydroxylated amines/and mixtures thereof. 
. Preferably, at least one polishing additive comprises the structure - 
XY- NCR!r 2 CR 3 R 4 N-X'Y\ wherein X, Y, X', Y', R 1 , R 2 , R 3 , and R 4 are selected from 

- the group consisting of hydrogen (H) atoms, heteroatom-containing functional groups, 
alkyl groups, heteroatom-containing alkyl groups, cyclic groups, heteroatom-containing 

25 cyclic groups, aromatic groups, heteroatom-containing aromatic groups, ahd combinations 

- thereof. More, preferably, at least one polishing additive Emprises- th:e'=structee^XY- 
NCR l R 2 CR 3 R 4 N-X'Y!, wherein X and X' are'H atoms, arid wherein Y, Y', R , R , R , and 
R 4 are seized from the group consisting, of hydrogen (H)' atoms; heteroatom-containing 
functional groups, alkyl groups, heteroatom-contairiml '^ukyl' groups, cyclic groups, 

30 heteroatom-containing. cyclic groups, aromatic groups/ heteroatom-containing aromatic 
. groups and combinations- thereof. - Even more preferably, at: least bne polishing additive 
comprises the . structure XY- NCR l R 2 CR 3 R 4 N-X'Y', whe« X, 1 Y,'iX , ,''ah'd Y' are H 
atoms, and wherein R 1 , R 2 , R 3 , and R 4 are selected from the group 'consisting of hydrogen 
., (H) atoms, heteroatom-containing functional grbups, alkyl groups, heteroatom-containing 
35 alkyl groups, cyclic . groups/''heteroalOmK»ntaining ' cyclic- • group*?/-arotaatic groups, 
.= heteroatom-containing aromatic; gto^^i^d^ombhiatibns-mer^f:- In this regard, 
nitrogen-contai ring.' compounds .that consist ofprimary arrihe- groups are preferred over 
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nitrogen-containing compounds that comprisensecqndary amine groups and/or tertiary 
amine groups, alone or in combination with primary amine groups. Moreover, it is 
suitable for at. least, one polishing additive i to comprise the structure as described above, 
wherein the structure is in the^fonn of .a^polymer comprising about four or more (e.g., 
5 i: . about 10 or more, r about : 15 or more* about 20Lor more*: about 30 or more, about 40 or 
, more,, or even about. 50 or- a^re^ dissimilary similar, or. even identical adjoined structures. 
Most preferably, ; the nitrpgenncontaining compound is selected from^the group consisting 
of polyethylenimine, l,3-diamino-2-propanol, imino-di-acetic : aeid,. 2-amino-l-butanoI, 
ethylenediamine, t aminpethylethanolaminej- 2,2 , -aminoethoxy-ethanol, : and mixtures 
10 > thereof A,.-*^- 

"Heteroatom v is defined herein as any atom other than carbon and hydrogen atoms. 
Suitable heteroatom-containing functional . groups. include, for example, hydroxyl groups, 
, carboxylic acid groups, ester groups, ketone* groups, amino groups- (e.g., primary, 
secondary, and tertiary amino groups), amido groups, imido' groups,; thiol ester groups, 
15 thioether groups, nitrile groups,- nitros groups, halogen groups, and combinations thereof. 
..■M."Alkyl groups" are defined herein as any suitable alkyl group' (e^g:, a Ci-C^o alkyl group, a 
,Cir.C24 alkyl group,,a Ci-Gig alkyl group, a C\-Cn alkyl group, or even a Ci-G* alkyl group) 
such as, for example, linear, branched, cyclic, saturated or unsaturated, aromatic or 
.. heteroaromatic alkyl groups. "Cyclic groups" are defined herein as any suitable cyclic group 
20 (e.g., a cyclic group having 4-20 members, such as a C4-C20 cyclic group). 

The polishing additive can be any suitable sulfur-containing compound. Suitable 
sulfur-containing compounds include/ for example, thiols, thioesters, thioethers, 
, (R , C)(0)(SR n ) carbothiolic acids, (RC)(0)(SH) carbothionic ' acids, (RCS)(OH) 
thiocarboxylic acids, sulfonic acids, thiosalicylic acids, salts thereof and mixtures thereof, 
25 wherein .R,- R' and are. selected from the group consisting of alkyl, aryl, cyclic, and 
aromatic groups. haying from 1-18 carbon atoms. Preferred sulfur-containing compounds 
include, for example, thiodiacetic k acid, thiosalicylic acids, and a mixture thereof. 
• l . The polishing addijtiye can be any suitable oxygen-containing compound. Suitable 
oxygen-cpntaining .compounds, include,.: for example, hydroxylates, carbonylates, 
30 carboxylates, and :i acids thereof.. ( Suitable .carboxylic acids include, for example, di- 
, carboxylic jacids^ trircarbpxyhc^acids, .and poly-carboxylic acids. Preferred oxygen- 
containing compounds include, for example, malonic, acid, oxalic acid, citric :acid, tartaric 
. acid, succinic acid, malic acid, adipic acid, salts thereof, and mixtures thereof. / 

Suitable polishing additives also, include one or more compounds selected from the 
35 group consisting of (i) compounds; that are both phosphorous-containing compounds and 
nitrogen-containing . compounds, ■ (ii) compounds . that are both phosphorous-containing 
compounds and sulfur-containing compounds, (iii) compounds that are - both nitrogen- 
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containing' compounds and sulfur-cotttairiing compounds; and (iv) compounds that are 
• phosphorous-containing compounds, nitrogen ^ containing coripourids, and sulfur- 
containing compounds. ; Preferred poiisrung additives mclude, for example, compounds 
selected from the group consisting ' o^ ' 2-aimh6etiryi ^phbsphbnic acid, 
5 ammo(trimemylenephosph6nic 'abid), " diemyrehetria^^ 
• " ac id), hexarnemylenbm'aniine-tbtta^^ mixtures thereof. 

Moreover, prefeire^ poiishmg' a^ditrVes ' inciudeV iBF example, 'phosphonic compounds 
containing primaiy, secondary and/or" tertiary ^amirie^ siich as, for example, N- 
(phosphonomethyl) iminodiacetic acid^-airimbethyl dihydrogen ptibsphate, 2-aminoethyl 
10 phosphoric acid, 2-attimoethyl phosphoric 5 ' acid, ammotri^methylenephosphonic acid) 
(i.e., Dequest® 2000 product), r ^hyd^^ ( ie > 
Dequest® 2010 product), and diemyienetrtamme^ (i e., 

Dequest® 2060 "'product)'.'' 

The polishing additive can be present in the' system of the present invention in any 
15 suitable concentration.' Preferably, the polishing additive is present in the liquid portion of 
"the system in an amount ranging from about 0;65-10Svt:%- More, preferably, the 
polishing additive is present in the liquid portion of the system iti an amount ranging from 
about 0.3-5 wt.%. 

The system of the present invention also can comprise any suitable stopping 
20 compound. Suitable stopping compounds include, for 'example, any suitable compound 
that inhibits the ability of the sys tem to polish at least a portion of one or more layers of a 
■ multi-layer substrate. Suitable stopping compounds interact with (e.g., adhere to) the first 
metal layer, the second layer, and/or the one or more ! additional layers of a multi-layer 
substrate as described 'above and at least partially inhibit me rernoval of the layer(s) by the 
25 system of the present invention! Preferably, the stopping Compound interacts with (e.g., 
adhered to) a second layer of a multi-layer substrate as described above and at least 
: partially inhibits me removal of the second layer Sy the system. The term "at least 
partially inhibits" as used herein means that the system has a polishing selectivity of the 
fust metal layerlsecbnd layer (e.g. Cu:Ta/TaN) of at least abbut f lO:l, preferably at least 
30 about 30:1 , more preferably at lease about 50: 1, arid mbst^preferably at least about 1 00: 1 . 

'The stopping compound can be any Suitable' c&iorically charged ritrogen- 
contairing compound selected from thb group of com^otods ; cbniprisihg amines, urines, 
amides, imides, polymers thereof, and mixtures thereof. ' The f term "catibrically charged" 
. as used herein means that a portion (e.g., about 5% or more, about 10% or more, about 
35 15% br more, or about 20% or more) of the' stopping bompound in thVliqrid portion of the 
system is in catibric forhi at the bperating prf of the system of the present invention. 
• Preferably, the stopping compound has a pka ! valubmat is 1 or niore units greater than the 
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operating pH of the liquid portion, of the systern. For example, in a system with a pH of 
6.5, preferred stppping compounds f would hay$ a pKa value of about. 7.5 or more. 
Preferred stopping compounds also, are pppqsjtely charged from the surface charge of the 
second layer of the , substrate layer. Suitable, stopping compounds include, for example, 
5 compounds cpmjmsmg. primly supines, secondary an^e : s ? /tertiary amines, quaternary 
amines (i.e., quaternary an^pmum salts), etheramjnes, qligomeric amines, piigomeric 
imines, oligomeric amides^ oligomeric imides* polymeric amines, polymeric imines, 
polymeric amides, polymeric imides, .or. mixtures thereof. Moreover, suitable stopping 
compounds include, for example, amino acids* amino alcohols,, amino ether alcohols, or 

lf> mixtures thereof Preferred stopping compounds also include, for. example, 
polyetheramines,. .polyethylenimines, . N4-amin (NjN'-bis-tS-aminopropylJethylene 
diamine), 4,7, 1 O-trioxatridecane- 1 , 1 3-diamine, 3 ,37dimethyi-4,4-diaminodicyclo- 
hcxylmethane, 2-phenylethylamine, N,N-dimethyldi-propylenetriamine, 3-[2- 
mcthoxyethqxy]propylamine, dimethylaminopropylamine, , l,4-bis(3-amino propyl) 

1 5 pipcrazine, and mixtures thereof. In additipn, preferred stopping compounds, include, for 
example, isophorone diamine, hexamethylenediamine, cyclohexyl T l,3-propane diamine, 
thiomicamine, . (aminopropyl)-l,3-propane diamine, tetraethylene-pentamine, 
ictramethylbutanediamine, propylamine, diaminopropanol, aminobutanol, (2- 
aminoethoxy)ethanol, or mixtures thereof. . ' ... 

20 The stopping compound can be present in the system of the present invention* in 

any suitable concentration. It is suitable, for example, for the stopping compound to be 
- present in the liquid portion of the system in, a concentration of about 5 wt.% or less (e.g., 
about 0.001-5 wt.%). Preferably, the stopping compound is present in the liquid portion of 
the system in a concentration of about 3 wt.% or less (e.g., about 0.05 to about 3 wt.%). 

2> The system of the present, invention can comprise any suitable combination of at 

least one polishing additive and at least one stopping compound. For example, the system 
can comprise polyethylenimine and at least one polishing additive selected from.the group 
consisting of a carboxylic acid.(preferably, a di-, tri-, or poly-carboxylic acid), a phosphate 
a preferably, a pyrophosphate, a tri-phosphate, or a condensed phosphate)^ an acid thereof, 

V and a phosphonic acid (preferably, a di-, tri-, or poly-phosphonic acid). The system also, 
can comprise at least, one polishing additive selected from the group consisting of a 
carboxylic acid (preferably, a di-, tri-, or poly-carboxylic acid), a phosphate, (preferably, a 
pyrophosphate, a tri-phosphate, or a condensed phosphate), an acid thereof, and a 
phosphonic acid (preferably, a di-, tri-, or poly-phosphonic acid) and at least one stopping 

3 5 compound comprising two or more, three or more, four or more, five or more, or even six 
or more nitrogen atoms (e.g., at least one stopping compound comprising, two or more 
primary amine groups, at least one stopping compound comprising, two or more amino 
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groups and 4 or more carbon atoms; or at least one stopping compound comprising two or 
more 'primary amine groups containing' ^WMre'-'c^fJkftx'atoias). Moreover, iiie system 
can comprise at least 5 one ^8h1ng !; ad<fi6ve 7 sel&ted : fibm the #oup cbiisistmg of a 
carboxylic acid (preferably, a di-, tri-, or poly-carboxylic acid), a pnospliate (preferably, a 
5 ' pyrophosphate; a triphosphate;' or 1 a r con acid:' thereof, and a 

pho : sphonic' ; ac"id '■ipnSdatffy? 1 * di-; tris j br pol^phosphonie' addY arid a quaternary 
ammonium sdt cornprismg" the sMctoe^ 

groups and ; R ? aiid'R 4 are i sefefet§d : n^m-thd 'grouFC^istini' of of hydrogen (H) atoms, 
heteroatom-containmg furictional groups, ialkyl groups, tieteroatoiri^containing alkyl 
10 groups, cyclic groups, heterdatom-c6ntauiing cyclic ^ groupsTaiomatb groups; heteroatom- 
containirig aromatic groups, and c^mafions thereof^ In' additidn, the system can 
comprise at least one pohshihg ad^ 

acid (preferably,' a di-, tri-, or poiy-carboxyiic acid); a phosphate acid (preferably, a 
pyrophosphate, a ' tri-phosphaie'r or a condensed phosphate), an acid thereof, and a 
15 phosphoriic acid (preferably, a di-, tri-, of p61y-phosphohic acid) arid at least one stopping 
compound comprising ; an ariiino propyl group and/or' at least one stopping compound 
' having a molecular weight^MW) of about 80 or more (e.g., a MW of about 100 or more, a 
MW of about 250 or more). Furthermorei the system eari' comprise a peroxide, 
aminotri(methylenephosphbnic acid), and 1, 4-bis(3 -amino 0 propyl) piperazine, and 
20 optionally, at least one passivation film forming agent comprising one or more 5-6 
member heterocyclic riitrbgen-^containing rings. The system also can comprise a peroxide, 
tartaric acid, and a polyethylenmiine; and, optionally, at least one passivation film forming 
agent comprising one of more 5-6 member heterocyclic nitfbgdn-containing rings. 

■ The system of the present invention can comprise ; :an^M^le'^lishing'pad and/or 
25 abrasive. It is Citable, for example, for the system "6f*fhe' p^^V'mv&tion: to' comprise a 
polishing pad (e.g., an abrasive pad or a nor^ab?asive pad) aild/or aft abrasive that is 
suspended in the liquid carrier (e.g., water) of the system, thbreby being apart of the liquid 
portion of the system".' Moreover, it is suable' for me system of the present invention to 
comprise a polishing pad ' (e.g., an abrasive "pad br Irnotf&fc&vtT ! ffed), wherein no 
30 abrasive is suspended in the liquid carrier of the system. 

The polishing pad can be any suitable abrasive" br non^afcrasive pad. Suitable 
polishing pads are described, for example, in U.S. Patents 5,849,051 and 5,849,052. 
Suitable- polishing pads also include, for example,' woven and ribri-wbveri polishing pads. 
Moreover; suitable poHshing pads can comprise any suitable polymer of varying density, 
35 hardness; thickness, compressibility, ability to rebound upon compression, and cofnpression 
modulus. Suitable^ polymers include; for ; exampie,°p"61yviri polyvinylfluoride, 
nylon, fluorocarbon, polycarbonate, polyester; poly acrylate! polyeuief, polyethylene, 
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polyamide ?; polyurethane, polystyrene, polypropylene, and. co formed products thereof, and 
mixtures, thereof, Wh?P an abrasive is, fixed (e.g.,. embedded), in whole or in part, in or on 
the .polishing pad. of the system, such fixation on the polishing pad can be accomplished in 
any suitable manner., i % . , . - . . * ^ : ■ - 

5 Suitable a^rasiyes<. include v , for. example, metaL o^ide, abrasives,, such as, for 

. example, alumina, t si^ic^^ products 
thereof, and mixtitfesj^e^ be fumed, products. Preferably, the 

abrasive of the system is.alurnina (e.g., ..fumed alumina) an<^orsilica : (e.g^ fumed silica). 

The abrasive, as. described above, can be fixed, in t whole- or in part, in or on the 
1 0 polishing pad of the system. . Moreover, the abrasive can be present in the liquid portion of 
the system in any suitable amount. Preferably, the abrasive is present in t the liquid portion 
,. of the system in an amount of about 0.1-30.Q wt.%. More preferably, the abrasive is 
present in the liquid portion of the system in an amount of about 0.5-6.0 wt.%. 

The system of the present invention further may comprise: one or more additional 
15... additives that improve or enhancf.the. performance of the system. Suitable : additional 
,.additives ( include,, for example, passivation film-forming additives, polymeric compounds 
that reduce the polishing rate of at least, one layer of the substrate, dispersants, surfactants, 
stabilizers, pH adjusters, regulators, buffers, and/or other additives that , promote and/or 
control the polishing of metals and oxides. Such additional additives are laiown to those 
20. - of skill in the art. . r 

Suitable passivation film- forming agents include, for example any compound, or 
mixture of compounds, that facilitates, the formation of a passivation layer (i.e., a 
dissolution-inhibiting layer) on a metal layer and/or a metal oxide layer.. Suitable 
passivation filmrfonning #gent§ include, for example, nitrogen-containing heterocyclic 
25. compounds. Preferably, the, passivation film-forming agent comprises, one or more 5-6 
member hete^ocyp^c f nitrogen-containing rings.. More preferably, the . passivation film- 
forming agent is. selected from , the group consisting of 1 ,2,3-triazole, 1,2,4-triazole, 
benzotriazole, benzimidazple, benzothiazole, and derivatives thereof, such as, for example, 
hydroxy-, ,^irip- ? .imino-, carbqxy-, mercapto-., nitro-, urea-, thiourea-, or alkyl-rsubstituted 
30 derivatives thereof. Most preferably, the passivation film-forming agent is selected from 
the group consisting.^ benzotriazole (BTA), 1 ,2,3-triazole, 1,2,4-triazole, and mixtures 
- -thereof -, Prr - * t , , . . 

The passivation^ fjlm-forming agent can be present in the system , of the present 
invention in any suitable concentration. Preferably, the passivation film-forming agent is 
35 present in the. liquid portion of the system in an, amount of about 0.005-1 wt.%. 
. . Preferably, the pas$ivatiop filni-fonni^g agent is present in the liquid portion of the. system 
in an amount of about 0.01-Q.2 v/t.%. ... . . . - t . 
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The syctem of the present invention further can comprise a source of ammonia 
(e g ammonia or an arrimoniuxn salt)! Ammonia and/br ammonium salts enhance the 

• einovalratea^^ 

■ interacting with one or more components of the* system ^. ^ pohshing additive). 
. Preferably, the system of the present invention ^s«a and/br ammonium 
salts and one 5r^pto^ 

ammonia and^at l^M-^V^^^^^ ^ ^^tons^^ a. 
- carboxylic acid (preferably^ di, pol^carbbxync aad), a phosph^e (preferably, a 

pyrophosphate, a tri^hbsp^ 
, pLpnomcacid (prefe^bly, a or^oly^osphonic acid): For example^ sy^em 

: can comprise' amihotri(memylene-phosphomc- a^^ and a source of ammoma (e.g., 

ammonia and/or an ammonium sail): ' ' ' : ' ''. : . . ■ . , ; . • 

Suitable polymeric compounds ihciMe^ for example, "any smtable polymeric 
compound that reduce, the polish rat* & aPleast b^e layer assdeia^d wtth the 
< substrate. Preferably, the system comprises at least one polymeric compound compnsing 
a polyvinylalcohol, a polyethylene oxide; apblypropyiene oxide, a sulfonic polymer, a 
sulfonate polymer, or a mixture thereof. ' :! ' '7 , 

Suitable surfactants include, for exampVcationic surfactants; anionic surfactants 

nonionic surfactants, amphoteric surfactants, fl^i^ 
>u the like. Suitable ^ P H adjusters; regulators, or buffers include; for example, sodium 
* hydroxide, sodium carbonate, sulfuric acid, hydrochloric atid, nitric acid, phosphoric acid, 

citric acid, potassium phosphate, mixtures thereof, and thehke. 

The present invention also provides a method of polishing a substrate with a 

system as described herein. Moreover, the present invention provides a method of 
:s polishing a multi-layer substrate as described above with 

present invents is capable of polishing a substrate a multi-layer substrate) at a 

Latively high rate, e.g., removing the first metal iayerl Ms^ond^; and/or the one or 

• 'more-additional layers of the substrate aVa relatively high rate/ ^ 

■ • - A substrate can be treated with the system bf the present inVemibn by any suitable 
M> technique that involves the use of a polishing pad. Preferably; the ^tem is apphedtotite 
' surfacebf asubstrate ana polished, such that at l^po^^ttno^ycrsomc 

substrate is removed. More preferably/ the system is applied;* the first metal layer of a 

multi-layer substrate that includes a first metai layer and a second layer, and the first metal 
. layer is polished with the system until at least a portion of the bimetal layer is removed 
i < from the substrate. A second polishing system! composition, and/or slurry can be used in 
" ".' a subsequent polishing step to remove at leM a p'Brtfon of a setoiid layer, diele^ 

• aR d/or one orrriore additional layers ^ rm^^^ Vr^My, the second 
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.. pQlishing system has, a, greater polishing selectivity for the second layer (e.g., Ta or TaN) 
of. the n^ulti-layer substrate than for -the first, metal layer (e.g., Cu) of the substrate. 
.Moreover, cleaning compositions can be used after some^or all successive polishing steps, 
in order to remove remnants of the, polished, substrate and/or remnants of tjie polishing 
5 ., t system, compositipn,^ ... - f j; r -,. .j ; , j 

It is suitable for, the liquid potion of thp,system f to tog formulated prior to delivery 
. to. : the polishing pad qr to the, surface of the substrate, .e.g,,- : ,ui a batch or continuous 
process. It is also suitable. for the .liquid portion of the, system : to be formulated (e.g., 
.mixed) on the surface, of the polishing pad or on the surface of the substrate, through 
10 . delivery of the components, of the liquid portion of the system from, two or more distinct 
sources, whereby the components meet .at the surface t of the polishing pad or at the surface 
of the substrate. In this regard, the flow rate at which the components of the liquid portion 
of the system are delivered to the polishing pad or to the siurf^ce of the substrate (i.e., the 
delivered amount of the particular components of the system), can be altered prior to the 
15 polishing process and/pr during the . polishing process^ su.ch that the polishing selectivity 
and/or viscosity of]. the system .is altered. .Moreover, it is suitable, for the particular 
components of the liquid portion of the system beipg delivered from two or more distinct 
_ } sources to have different pH values, or ^alternatively to have. substantially similar, or even 
equal,.pH values, pjrior to delivery to the.surface of the polishing pad or^to the surface of 
20 the substrate. It is .also suitable for the particular components being delivered from two or 
.more distinct sources to.be filtered either independently or to be filtered jointly (e.g., 
together) prior to delivery to the surface of the, polishing pad or to the surface of the 
: .substrate. t t .., 

25 . EXAMPLES 

The following examples further illustrate the present invention but, of course, should 
not be construed as in any .way limiting it$ scope. , 

The tantalum wafers, referenced ip all of the following examples and the copper 
wafers referenced in all but one of the^ollowing examples (i.e., Example 4) were tantalum 
30 blanket films and copper blanket films,. Respectively. The siljcon dioxide wafers referenced 
, in all of the following examples were blanket filpis with a thickness of approximately 9000 
A. All blanket films wef e, deposited on a^sil^con substrate. ;. . 

.The copper,: tantalum, .and silicon t dipxide wafers ; in the following examples 
(hereinafter collectively referred to as "test, wafers") were each polished; with an IPEC472 
35 . polishing machine. The polishing pads, used iri all but .one of the following examples (i.e., 
Example 4) were Rpdel<^Ip^ stacked op. Rod.el® SUB A IV pads. The 

polishing pads used in ..Example 4._wwe .^odel® IC1000 r pplishing pads, without stacked 
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Rodel® SUBA IV pads. The test wafers in all but one of the following examples (i.e., 
Example 4) were polished using a down force of about 20 kPa (3 psi), a back pressure of 0 
kPa (0 psi), a table speed of 50 rpm, a.id a wafer holder speed of.3.0 rpm. The test wafers of 
Example 4 were polished using a downiforce .of about ^20 kPa^^ ps|, a back pressure of 
' 5 about 14 kPa (2 psi), a table speed oStpm/and a wafer holder speed of 30 *pm. : 

" Test wafer removal rates were.deterra^ the thickness Of each 

test wafer before and after polishing using a T^pr "Surfscan® UV 1050 machine and a 
TencorRS-75. - , c : : a .■ 

The systems in all but one of the following examples (i.e., Example 7) were adjusted 

10 to the target pH with ammonium hydroxide (NH4OH), unless otherwise noted. 

' '" ' ' : EXAMPLE 1 ■ 

This example, illustrates that the poUshmg rate of a first metal layer achievable by the 
system of the present invention is dependent on the presence and identity of the poUshing 

15 additive in the system. , / 

Copper wafers were polished separately with three different poUshing systems 
(designated Systems 1A-1C) with 2 wt.% alumina (specifically, Cabot's Semi-Sperse® W- 
' A355 product), 1 wt.% oxidizing agent (specifically, ,H 2 Q 2 ), 2. 2 wt.% poUshing additive 
; (specifically, ammotri(memylenephosphonic acid) (i.e., DequestO ^OOO product)), either 0 
20 M 1 0.037 M, or 0.33 M ammonia (i.e., 0 wt.% NH 3 , about 0.0^, wt,% NH 3 , and about 0.56 
wt.% NH 3 , respectively), and 0.08 wt.% film-forming agent (specifically, triazole), 
wherein each of the systems was pH-adjusted to 8.5 with HNO3 or KOH. 

For comparison purposes, the test wafers also were polished with a comparative 
system ("comparative'') with 2 wt.% alumina (specifically, Cabot's Semi-Sperse® W-A355 
25 product), wt.% oxidizing agent (specifically, H 2 0 2 ), 0.33 M armnpnia (i.e., about 0.56 wt.% 
NH 3 ), and 0.08 wt.% film-forming agent (specifically, triazole), wherein the. system was 

pH-adjusted to 8.5 withHN0 3 . - ..; J • v. 

Following use of the systems, theTemoyal rate (^R> of copp ; er, tantalum,, and Si0 2 by 
. . ' each system was determined, as well as the relative removal of copper to tantalum ("Cu:Ta"), 
30 with the.resulting data set forth in Table 1. ,, - . , .,, a ,., r: . :l , ;! 
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Table 1: • ' • ■ - - - r . 



. System 


Polishing Additive ■ • ' ' 


NH 3 • 


CuRR ; 






m ■■ 


[A/min] "; 


Comparative ' 


None- i : : n :■ 


"033 • ' • ' ' ' 


ISO ' - 


1A • v ' 


2i2i-wt."%TJfe^tiest®'2000' ; ' ; ! " : ' 


None *•'»'• " 


i'657 


IB" : 


2 .2 wt% Dequest® 2000 


0:037 : 


2527 


1C 


2.2 wt.% Dequest® 2000 


0.33 


6448 



As is apparent* from the data set forth in Table 1, the copper removal rates exhibited 
5 by systems containing a polishing additive (Systems 1A-1C) were greater than the copper 
removal rate of the comparative system that did not contain a polishing additive. Moreover, 
the copper removal rate exhibited by the system containing a polishing additive and 0.33 M 
NH3 (System 1C) was greater than the copper removiil rate of the system containing a 
polishing additive and 0.037 M NH 3 (System IB), which, in turn, was greater than the 
10 copper removal rate of the system with a ! pbUshing additive and no NH 3 (System 1A). 

These results demonstrate the significance of the presence of a polishing additive 
in the context of the preseik inventive "system, as well as a combination of the polishing 
additive with a particular concentration of a source of ammonia, on the polishing rate 
achievable by the present inventive system and method. 
15' ' ■ " ' ■ - " ■ ^ * / ^ 

" 1 EXAA!fPLE2 
This example illustrates that the polishing rate of a first metal layer achievable by the 
system of the present invention is dependent on the presence and identity of the' polishing 
' additive in the system. 
20 Copper wafers were polished separately with five different polishing systems 

(designated Systems 2A-2E) with 2 wt.% alumina (specifically, Cabot's Semi-Sperse® W- 
X355 product), 1 \vt/% oxidizing agent (specifically, H2O2), varying concentrations of a first 
polishing additive (specifically, 0.1(5 M ethylenediamine/0.33 M 2-anuno-l-butahol, 0.33 
M aminoethylethanolamine, 0.33 M 2,2 , -aminoethoxyelthanol, or 0.33 M of a low 
25 molecular weight ethylenimine copolymer (i.e., Lupasol® FG)), 2.2 wt.% of a second 
polishing additive (specifically, aminotri(methylenephosphonic acid) (i.e., Dequest® 2000 
product)), and 0.08 wt.% film-forming agent (specifically, triazole), wherein each of the 
systems had a pH of 8.5. Following use of the systems, the removal rate (RR) of copper by 
each system was determined, with the resulting data set forth in Table 2. The molecular 
30 structure of a portion of the first polishing additive of each system also is included in Table 2 
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and the XY- NCR , R 2 CR 3 R 4 N-X'Y impiety, as discussed above, is hvbold in the molecular 
structure of Table 2, if present ^^ m the.pQlishing additive. . 



Table 2 



25 



System J 


I s ' Polishing Additive . ; , : : - \ . 

nvn . ■<■-. •' 




Cu RR 
[A/min] 


2 A 


0.16 M .ethylenediainine ■ . - , 


H2NGH2Cm : NH2.- -n. - • 


> 15000 


2B 


0.33 M eminoethylethanolamiTie 


jfJ2NCH2GH2NHGH2GH20H : 


10815 


2C 


0.33 M Lupasol® FG '■■■»'■ - 


H2N-[CH2CH2NH(R)]-NH2 


.4985 


2D 


0 33 M 2,2'-aminoethoxyethanol 


H2NCH2CH20CH2CIi20H 


3196 


2E v - 


0 33 M 2-am'ino-l-butanol 


H3CCH2CH2CH(NH2)OH ~ 


2091 



As is apparent from the data set forth in Table 2, the" copper removal rates exhibited 
by systems containing a polishing additive thai comprises the > * ; ' * 
XY- NCR'R'CR'r'N-X'Y' moiety (Systenis ! 2A-2C) were greater than the copper removal 
10 rates of the systems that contained a poUshing additive that did net comprise d 

XY- NCR'R'CR'R'N-X'Y' moiety (Systems 2D-2E). Moreover, among the systems 
containing the XY- NCR'rWR^-XT moiety (Systems 2A-2C), the copper removal 
rate exhibited by the system in which X, Y, X', and Y'.were hydrogen atoms (i.e., two 
primary amino groups) (System 2 A) was greater than the copper removal rate exhibited by 
15 the system in which X, Y, and X' were hydrogen atoms and Y' was ejhanol (i.e„ one 
primary amind" group ^nd"one secondary amino group) (System 2B), which, in turn, was 
greater than the copper removal rate exhibited by me ^ system comprising^ a ratio of 
primary:secondary:tertiary ; amino groups of about l:0.82;0 : 53j{System 2C). _ - 

These results demonstrate the significance a polishing/additive conpnsing the XY- 
20 NCR2CR2N-X'Y' moiety in the context of the present invepttesysteml as well as the 
significance of the ratio of primary:secondary:tert^ 

NGR2CR2N-X'Y' moiety of the poUsrringadditiye, on the^plishing rate achievable by the 
present inventive system and method. "''•'•'••^i • Z\ ' ~. 1 

- . ' EXAMPLE" 3 J ■ \ 

This example illustrates that the poUshing rate,oJ a : fct metel>yer aichievable by the 
system of the present invention is dependent on the.presence and identity of the poUshing 

additive in the system. < u. ,n ' " 

C6pper r wafers ana:ta«talum wafas^e^.,p.9li5fi^>^tely ^ .f^f 5 *** 
30 poUshing systems (designated-Systems 3A^PJ^m 3'wt% ^ 
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Sdmi-Sperse® W-A355 product)* 2.5 wt.% oxidizing agent (specifically, H2O2), and either 
0.5 wt.% or 1 wt.% of a polishing additiVe (specifically, 1-di-phosphoriic acid (i.e., 
Dequest® 2010 product), diethylenetriaminepenta-(methylenephosphonic acid) (i.e., 
Dequest® 2060 product), N-phosphono-methyliminodiacetic acid, Lupasol® FG, 1,3- 
5 diamino-2-propanpl, ,„2-immp-4-thiQbiuret. . iminodiacetic ... acid, dimethylgloxime, 
dipyridine amine, " ln4MSdia:6Stbnitrile, guanidine' ; f hifirat£; : pyrazine carbonitrile, 
tooglycohc(^ 1 j&% S>JLaii& .e.ttioxylated high 

molecular weight pdiyetfi^imine (i.&, ; Lupasol® S<2-61'B);; f oria u to6dified high molecular 
-.weight ethyleiuininapolyiner (i.e : ; Uipasol® SKA)),- wherein each of the systems had apH 
10 of 5 (Systems 3Q 3F, 3H, 31, 3K, 3^30, and 3P) or apH of 7.7 (Systems 3 A, 3B, 3D, 3F, 
3G, 3 J, 3M, and JN). ; v. - , „ V M [ 

For comparison purposes, the >test wafers also were polished with a[ control system 
("control") with 3 wt.% alumina (specifically, Cabot's Semi-Sperse® W-A355 product) and 
. - 2.5 wt.% oxidizing ;agent (specifically, H2O2),: wherein the control system had a pH of 7.7. 
1 5 Following use of thcsysteniSj the removal rate (RR) of cppper and tantalum by each 

- .... system was determined^ -as well as the relative removal of copper to tantalum ("Cu:Ta"). The 
resulting data are set forth>jn Tabled. ; U f ; : { • ,r ■■ ; 

\- . -Table 3:. . . .... .. , - • - < , 



System 


Polishing Additive 


CuRR 
[A/min] 


TaRR r - 
[A/min] . 


Cu:Ta 


Control 


none .. ' ■ v > " ' 1 


87 


198- 


1:2 


.3 A- ,' 


1 .wt.% Dequest® 20 10 "i J- 


4777 


406 


1-2:1 


3B 


1 wt.% Dequest® 2060 • 


7624 


279' 


27:1 


3C 


1= - ! -wt:%i ; ■■■ r N-phosphohomethyl- 
inrinodiacetie acid 1 • 


4333 


314 ^ 


14:1 


3D 


i^wt%Iiui)asol® FG ! « 


733' 


13 


'56:1 


3E -■ 


1 wt.%'lV3*diamino-2-prop 5 andl 


2668 


50 


53:1 


3F 


1 wt.% 2-imino-4-thiobiuret 


1216 


95 


13:1 


3G 


1 wt.% iminodiacetic acid 


7738 


533 


15:1 


3H 


0.5 wt.% dimethylgloxime ' " 


1153 


273 


4:1 


31 - 


0.5 -wt.% dipyridihe amine 


3022 : 


264 ' : 


11:1 


3J 


1 wt.% imino'diacetonitril6 1 


243 


446 


1:1.8 


3K 


0.5 wt.% guanidine nitrate 


281 


289' ' 


1:1 


: 3L 


0.5 ^M'pi^^e'c^btS^iVs '' '" 


"246 ' 


"323' f '" 


1:1.3 


3M ' : 


1 wt.% thioglycolic(mercapt6acetic) acid 


552 • '" 


263 


2:1 
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15 



3N 
30 
3P 



1 wt.% thiodipropanionic aci d_ 
1 wt.% Lupasol® SC-61B 



0.5 wt.% Lupasol® SKA, 



480 



15 



32:1 



20 



25 



" As is apparent from' the data s^forthjn 

~r wCXT^Ta removal selectivity) exhibited by systeim containing a 

^talum^ 

poHshing additive (Systems 3A-3^)^ rf ^ 

control polishing„composition;- Moreover, me -.cu,ia re 

conta^^^ 

ie results demonstrate the significance of the ; presence and identity of*e 
polishm^ dditivein the context of the ^j^^p**^*** ** 
selectivity achievable by the present i^ve a^^ ipeiho^:, ' 

EXAMPLE 4 ,«:•:• • i : 
example illustrates that the polishing rate of a first metal layer aeWeyable by the 

■^0^2:^ tantalum .^^1^^ 

Sterns 4A-4E) with f «^ 
Semi-Snerse® SC-E product), 23JL% oxididng agent (specifically, H ^>^^ 

weight ethylenimine copolymer (i.e., Lupasol® t^), or a ai& 

£L hornopolyrner (i.e., Lupasol® P», wherein each of the systems had a pH of 5 
(•5v«em S 4A 4D 4E,and4F)orapHQf7J(Sxstems4Band4p, in ,-.. j - 

( .,o„,ron wW.5 wt.% die, (spe««ahors Se«-«SC,E proiuc,), 2.5 wt./o 
oxidizing agent (specifically, H 2 0 2 ), wherein the, control 55S tem had a pH of , .7, _ 
^wi^se of t,e syaems, rernoval.^^ofcopperand £ 
system was determined, as.well as .<he.re.anye rernoval ; of cppoejw^talum^ G^Ja )■ The 
resulting data are set forth in 1 able 4. „■ w- ' ■■' •' ' - •'" 



WO 01/12740 



PCT/US00/21938 



18 

Table V 







V^U XVTv 

; [A/min].- s • .;. 


To pp 
± a IVEV 

[A/roin] 




Control 


none \ =' r bvioblA-v- iV-'f /i.": it ; '*>■.- 


306 ., : .. . 


•383" • 


1:1.3 


4A . 


0.5 wt.%^K4P 2 Oy r f . - - - < 


•3918 


798 •' :. 


5:1. 


4B 


0.5 wt:%:pliosphdnoaeetic acid 


• 36S8-- -'" 


40 


91:1 


4C 


0.5 wt.% Dequest® 2010 -' - - - ^ r / 


2532 v- ' 


66 


38:1 


4D- - 


0.5 wt.% Dequest® 2000 ^ ' ' 


5245 " 


337 


16:1 


4EI 


1 wt.% Lupas61®TG * - M j 


•5784 ' 


-9 - -" 


643:1 


4F 


1 wt.% Lupasol® P - Vi " 


4297 ; ' 




860:1 



As is apparent from the data 1 set forth in Table 4, the ratio of copper removal to 
. tantalum removal (i:e., the : Cu:Ta ' removal 1 selectivity) exhibited by systems containing a 
polishing additive (Systems 4 A-4F) were greater than the Cu:Ta removal selectivity of the 
control polishing composition. Moreover, the Cu:Ta removal selectivity of the system 
containing Lupasol®! FCr and Lupasol® P : (Systems 4E and 4F, respectively) was greater 
than the CiirTa removal selectivities of the systems contaiiiiihg K4P2O7, phosphonoacetic 
acid, Dequest® 2010, and Bequest® 2000 (Systems 4 A, 4B, 4C, and 4D', respectively). 

These results 'demonstrate : the significance of the presehce and identity of the 
' polishing additive in the context of the present inventive systetn on tfie polishing rate and 
selectivity achievable by the present inventive system and method. 

* - ' ^ V. to . EXAMPLE 5 * ' ,r - 

This example illustrates that the polishing selectivity ' of a multi-layer substrate 
achievable by'the systeiti of the present invention is dependent on the presence and identity of 
the polishing additive arid sfeppirig coiripoxind in the systemi * = 

Copper 'wafers, fitfitalum wafers;' and silicon dioxide (Si02) wafers were polished 
separately with eight different polishing systems (designated f Systems : 5 A-5G) with 3 wt.% 
alumina (specifically/ £&bot*s Semi-Sjperse® > W-A355 product), 2.5 Wt:% oxidizing agent 
(specifically, H2O2), varying concentrations of a polishing additive (specifically, L25 wt.% 
tartaric acid, 0.5 wt.% 1-di-phosphonic acid (i.e., Dequest® 2010 product), 0.75 wt.% 
aminotri(methylenephosphonic acid) (i.e., Dequest® 2000 product), 0.8 wt.% Dequest® 
2010 product, or 2.5 wt.% Dequest® 2000 product), and varying concentrations of a 
stopping compound (specifically, 0.25 wt.% Lupasol® SKA, which contains 25% of an 
ethylenimine polymer (i.e., 0.06 wt.% polyethylenimine), 0.1 wt.% dicyanoimidazole, 0.5 
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wt% LupasolSKA (i.e., 0.12 wt.% polyemylemmine), 0.5 wt.% polyacylamide, or OS 
^ ^3-— py.) piperazine, or 0,5 wt% Varisoft® 300, which — 

^5D, 57-5C,, Mo^^tes-SC.^MO^ w«.% surface. 
5 ^^Z^** - * a,so_ pW w m a conn, cn, 

^«Ah3 alumina C ^' S ™ a^t ^7 
2 5 w, % oxidizing agent (specifically, H 2 C», wherein the control system had a.pH of 7.7. 

,0 svln (« omparative n.wiflt 3 wt.% aiurnina (specificany, Cabofs Sem,-Spet^> W-A355 
pSTc. 2-5 wt.% oxidizing agent (specifically, ftft), and «3 wt.% pohstang addtnve 
(^Uy acid), and with (ii) ..comparative sy^Tcornoarahv^-) «* 3 

. (specifically, Cabofs Senti-Sperse* W-A355, product, 2.5 wt.% oxtduan 

agent (specifically, ftft), and 1 wt.% polishing additive (s^ecficaUy, Deouest® 2010 
15 product), wherein each of the comparative systems had a pH of 7.7. . 

each system was determined, as well as the relative removal of co^er to tantalum ( C«.Ta ). 
The resulting data are set forth in Table 5. 
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System ^ f : 


Polishing-^ *• r- 
Additive,, n 


^Stopping o ) ; * : if ■ 
Compound ■ : ^ ' , . 


Cu RR » 
^A/mui] / 


faRR 
[A/min] 


Si0 2 RR 
[A/mui] 


Cu:Ta 


Control 


none 


none 


87 






1:2 


> Comparative 
I 


tartaric fcc&itf- 


'done-- -' : '> <V: ' :r -' ; - 
. -'I'm- -.\y ' 






53 =' 


27:1 


Comparative 
i * 

i "*-"• 


1' --wt.%' 
Dequest® 1 '* 
2010 11 


none ^ " ■ ' r * "' - 


4777 " " 


406 ' 




12:1 


! 5A 


1.25 wf.%" 
tartaric acid 


0.06 * wt.% 
pblyethylehimine 


2375 ' • 


19 


12 


125:1 


: 5U 

! 


0.5 :; -wt:%^ 

Dequest® 
2010 


0.1 wt.% dicy ano- 
'* imidazole 1 ' 


3163 


175" 


54 


18:1 


he- ■ • 

I 


0.75- r W.% 

Deqdest® 

2000 


0.12 ' • ir vvt.% 
polyethylenimine' 3 


3265 : 


" 28 ' 


16 


117:1 


15!) 

i 


0.8 wt.% 

Dequest® 

2010 


0.12 wt.% 
polyethylenimine 


2949 


35 


26 


84:1 


' 5E 


0.75 wt.% 

Dequest® 

2000 


0.5 wt.% 
polyacylamide 


6381 


43 


28 


148:1 


. 5F 


2.5 wt.% 

Dequest® 

2000 


0.5 wt.% 1,4-bis- 
(3 -aminopropy 1) 
piperazine 


3860 


109 


5.5 


35:1 


Ki 


2.5 wt.% 

Dequest® 

2000 


0.5 wt.% Varisoft® 
300 


2260 


97.6 


3.6 


23:1 



As is apparent from the data set forth in Table 5, the ratio of copper removal to 
tantalum removal (i.e., the Cu:Ta removal selectivity) exhibited by systems containing a 
polishing additive and a stopping compound (Systems 1 A-1G) were greater than the Cu:Ta 
removal selectivity of both the control polishing system and of the comparative 2 polishing 
system, and were similar to or greater than the Cu:Ta removal selectivity of the comparative 
I polishing system. Moreover, the SiC>2 removal rate exhibited by systems containing a 
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polishing additive and a stopping compound (Systems 1 A-1G) were similar to or less than 
the Si0 2 removal rate exhibited by the comparative 1 polishing system. 
. : T^se results .demonstrate: *e significance of the combination of a polishing 
additive and a stopping compound, in, the c<^ofl^^^^e ^^m, as well 
5 "as "the "effect of the pabular" polishing additive,- rin combination. w ?; th the particular 
stopping compound, on^ polishing rate and selectivity; achievable by the present 
inventive system and method. ; •; ^M-^ Ll.^:.-:.'*^- " ~ " * ■ 

EXA1V«PLE6 ■.; .: : : . 
10 this example illustrates that the polishing, selectivity of a multi-layer substrate 

achievable by the system of the present tavc^j? dependent on the presence and identity of 
the polishing additive and stopping compound in the system. 

Copper wafers, tantalum wafers, -and, silicon dipxi4e;(SW,,wafers..were polished 
separately with three different polishing systems (designated Systems 2A-2C) .with 5. wt.% 
1 5 silica (specifically, Cabot's Cab T 0-Sperse® SC.E product), 2.5 wt.% oxidizing agent 
' (specifically, H 2 6 2 ), varying concentrations of a polishing additive (specifically, 0.8 wt.% 1- 
di-phosphonic acid (i.e., Dequest®. 20 10 .product),, 0,75 . wt./o 
aminotri(methvlenephosphonic acid) (j.e ;?; .Dequest® 2000 product), or 0.75 wt/o 
diemylenetri^ acid),(i.e., Dequest® 2060 product)), and 

20 0 5 wt.% stopping compound (specifically, 0-5 wt,% Lupaspl® SKA, which contams 25 A 
of an ethylenimine polymer (i.e., 0.12 wt,% polyethylenimine)), wherem each ° f *» 
systems had a pH of 7.7. For comparison purposes, the test wafers also were polished 
control svstem ("control") with 5 wt.% silica (specifically, Cabot's Cab-O-Sperse® SC-E 
' product) and 2.5 wt.% oxidizing agent (specifically, H 2 0 2 ), wherein the control system had a 

25 pH of 8 Follow^ 

by each system was determined,, as well as the, relative, W yal of copper -to tantalum 
("Cu:Ta"), wiui me resultmg data set fpiA in Table 6. , : .•: ■.--.^ - : .' - -.-^ . : 
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Table 6: ;.*:.r ..- 



System 


Polishing . 
Additive. ^ .j.-v 


Stopping fV; qi - 
* Compound* ^ 


:CuRR l, 
lA/minj •• , 


TaRR 

r X / i n 

|A/minJ 


SiOjRR 
[A/muiJ - 


Cu:Ta 


Control 




tobne ''-"hi^ 


306 i 


-383 -• 


299 


1:1.3 


6A 


o.8 r --i>- wo^ 

Dequest® 2010 


■o\n i-' r -s wt;% 

Lupasol® SKA 


f 1789 


:; I3 r -. . • 


5-.- 


138:1 


6B 


0.75 wt.% 
Dequest® 2000 


0.12 wt.% 
Lupasbl#SKA 


1733 


9 


20 


193:1 


6G A 


(K75 wt.Vo 
Dequei5t® : 2060 :; 


0.12 * f -m% 
Lupasol® SK2A 


'2132' - 


• 7 ' • • •" 


12 


305:1 



As is apparefit' from the data set forth' in Table 6, the ratib of copper removal to 
tantalum removal 1 (i.e:,'ih'e CiiiTa removal selectivity)' exhibited by systems containing a 
polishing additive and a stoppling compound (Systems 6A-6C) were greater than the Cu:Ta 
removal selectivity 'of the Control system that did not contain a polishing additive or a 
stopping compound:' Moreover, the copper removal rate and the Cu:Ta reirioval selectivity of 
the system containing ai stopping compound and Dequest® 2060 product (System 6C) were 
greater than the copper removal rate and the Cu:Ta removal selectivity of the system 
containing a stopping compound and Dequest® 2000 product (System 6B), which in turn 
were greater than the copper removal rate and the Cu:Ta removal selectivity of the system 
containing a stopping" compound ahd Dequest® 2010 product (System 6A). Moreover, the 
Si©2 removal rate exhibited by systems containing a polishing additive and a stopping 
compound (Systems 6AM6C) were greater than the SiC>2 removal rate of the control system 
that did not contain a polisllfiiy additive or a stopping compound. ; • 
; 4 These results ' demonstrate the significance of the combination Of a polishing 
additive and a stopping compound in the context of the' present inventive system, as well 
as the effect of the particular polishing additive, in combination with the stopping 
compound, on the polishing rate and selectivity achievable by the present inventive 
method. 

EXAMPLE 7 

This example illustrates that the polishing selectivity of a multi-layer substrate 
achievable by the system of the present invention is dependent on the identity of the stopping 
compound in the system. 

Copper wafers, tantalum wafers, and silicon dioxide (Si0 2 ) wafers were 
polished separately with fourteen different polishing compositions with 3 wt.% 
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alumina (specifically Cabot's Semi-Sperse® W- A3 5 5 : product), 2.5 wt.% oxidiang 

T^R C (M> and varying concenteations.of-a stopping compound (specifically, 0 2 

i 3-propL famine, 0; 2 wt.% N^-aminopropylVl^-propane d^ne, a2 wt./o 
• a t «rt w N N* N'-tetrar&elibyfc I j4^hutanediairane, 0.5 wt. /o 

. dimeti-yiami^ropyU), herein «*«t«b*««-»*'«-»f» f ^ '"^ 3 
purposes Actes, wafers ^owe^pofehed c««r»l system (xomrol >w«h 3 

oo zing agent (specific^, H 2 0 ; ), attd A, w,% 

ammonium, oxatate,.^^),.^^^ control systemAad a pH of 7* 
Following use of the polishing compositions, the .teWwe tantalum (Ta> removal * 
he r .anve siUeon droxide (Si0 2 ) removal rate oteachsystenvwere *«^>» 
comparison with the removal rates of the control system, w.«h me resulhng data set 
forth in Table 7. 



20. Table?: 



7A- 



7B 



7C 



7F 



7G 



7H 
71 



7J 



Stopping Compound 




.Relative Removal Relative Removal 



0.2 wt.% isophoroiie diamine 



0.2 ^ ^ Viexamethvlenediamihe 



0i l7 ViC-tlB - '} 



CK 2 ' wt-%' -N-cyclbhexyl- 1 ,3rpropane- 



0/24 



£.12 



0.27 




0.2 wt.%"" N,N,^',N , -tetran1emyl-l,4- 



butanediamine 



0.5 wt.% propylamine . 



0.2 wt % 2-(2-aminoethoxy) ethanol 



3.0 wt.% 2-amino-l-butanol 



0.2 wt.% 4,7,10-trioxa-l,13- 



0.11 



0.17 



0.71 



0.04 



0.21 



0.28 



0.22 
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tridecatiediamine 








0.2 wt.% lysine - ' ' f. 


0.35 


i.i 




0.2 wt;% poly[bis(2-chlofoether)-alt- 
1 ,3 -bis(3 -dime thy lamino) propyl] 4 




0.33 - > 











10 



As is apparerit £roiti4h^ f ttfe relativie tantalum removal rates 

exhibited by the evaluated- pofc'shirig systems containing a polishing additive and a stopping 
compound were desirably less than the relative tantalum retnoval rate of the control polishing 
composition that* did -not contain both a -polishing additive and a stopping compound. 
Moreover, the relative Sid 2 removal rates exhibited by all but one of the evaluated polishing 
systems containing abolishing additive arid a stopping compound were desirably less than 
the relative SiC>2 removal rate of the' control polishing system that did not contain both a 
polishing additive and a stopping compound. 

These results demonstrate the significance of the presence of a stopping compound 
in the context of the present inventive' system, as well as the effect of the particular 
stopping compound, , on the removal rate 1 and selectivity achievable by the present 
inventive method. * ' : " * * v 



15 EXAJSfrPLE 8 

This example illustrates that the polishing selectivity of a multi-layer substrate 
achievable by the system of the present invention, as well , as the minimization of surface 
defects by the system, is dependent on the identity of the stopping compound in the system. 

Copper wafers, tantalum wafers, and .silicon dioxide (SiQ 2 ) wafers were polished 

20 separately with two different polishing systems (designated Systems 8A and 8B) with 3 wt.% 
alumina (specifically, Cabot's Semi-Sperse® W.-A355 product), 2.5 wt.% oxidizing agent 
(specifically, ;H 2 0 2 ), 1.25 wt.% polishing additive (specifically, tartaric acid), and either 0 
wt.% or 0.06 wt.% stopping compound (specifically, an ethylenimine polymer (i.e., 
Lupasol® SKA)), wherein each of the systems had a pH of 7.7. Following use of the 

25 systems, the relative removal of copper to, tantalum ("Cu:Ta"), copper dishing, and SiC>2 
erosion were measured, with the resulting data set forth in Table 8. Wafer dishing of copper 
lines (i.e., copper dishing) and SiC>2 erosion were determined through use of a Tencor P-20 
Long Scan Profiler. Copper dishing was measured at a 10 jam feature size and at a 50 jxm 
feature size ("10 jim/50 jam"). SiC>2 erosion was measured for an array having a 2 jam line 

30 and a 4 jam pitch ("2 ^m/4'|im array"). 
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Table 8: 



System j 


Polishing ■ 
Additive : 

• M..v; .**:*:>■ 


Stopping c 
: G6mpourid y :T * 


JGu:Ta.; 


i Cu Dishing ^ ; - 
^[,10 piii/SC |iiri]V 


Si02 Erosion 

[2 pxn/A uni 

array] 


8A - - 


1' .25 wt-% 
tartaric' acid ;i 


None 1 "■' ; -" ,ti ; 


81:1 '"'* > 


'952 f A/i868A' 


896 A 


8B 


1.25 wt.% r 
tartaric acid 


0.06 J wt.% 
Lupasol® SKA 


220:1 


840 A / 1552 A 


714 A- : - 



5 As is apparent from the data set forth in Table 8, the ratio of copper removal to 

tantalum removal (i.e., the Cu:Ta removal selectivity) exhibited by the system containing a 
polishing additive and a stopping compound (System 8B) were greater than the Cu:Ta 
removal selectivity exhibited by the system cohtaming only a polishing additive (System 
8A) Moreover, Cu dishing and Si0 2 erosion exhibited by the system containing a polishing 
10 additive and a stopping compound (System 4B) were less than the Cu dishing and Si0 2 
• erosion exhibited by the system containing only a polishing additive (System 8 A). 

These results demonstrate the significance of the presence of a stopping compound 
in the context of the present inventive system on the polishing selectivity achievable by 
the system, as well as the minimization of surface defectivity of the polished substrate by 
15 the system of the present invention. v '"' "' 

All of the references cited herein, including patents, patent applications, and 
publications; are hereby incorporated in meir entireties by referenced ' ' " 

While this invention has been described ; with an emphasis upon preferred 
embodiments, it will be obvious to those of ordinary skill in the art that variations of the 
20 preferred embodiments may be used and that it is intended that the invention may be 
• practiced otherwise than as specifically described herein!^ Accordingly, this invention 
includes all modifications encompassed within the ^V.^^'.'^'^'T^ 0 " 
defined by the following claims. ' ' _ 
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WHAT IS CLAIMED IS : 

1 . A system for polishing one or more layers of a multi-layer substrate that 
includes a first metal, layer, and a second layer comprising (i) a liquid carrier, (ii) at least 

5 : one oxidizing agent, (iii). at teast one polishing additive that increases the rate at which the 
system polishes at least one layer of the substrate, wherein the polishing additive is 
selected from the group consisting of pyrophosphates, condensed phosphates, phosphonic 
acids and salts thereof, amines, amino alcohols, amides, imines, imina acids, nitriles, 
nitros, thiols, thioesters, thioethers, carbothiolic acids, carbothiqnic acids* thiocarboxylic 
10 acids, thiosalicylic acids, and mixtures thereof, and (iv) abolishing pad and/or an abrasive. 

2. The system of claim 1, wherein the liquid carrier is a nonaqueous solvent. 

, 3 . ; . The system of , claim 1 ?; wherein the liquid carrier is water. 

, 4. t The^system pf : any of plaims 1-3, wherein .the system, comprises an abrasive 
suspended in the liquid carrier - Y . . . , 

5. The system of any of claims 1-3, wherein the abrasive is fixed on the 
20, polishing pad. , , ... > i 

. r . 6... The system of any of claims ,1-3, wherein no abrasive is present in the 
system, and the polishing pad is a non-abrasive pad. 

25 7. The sy$ten> t .of any of claims 1^6, wherein at least one polishing additive is 

selected from the .group consisting of di-phosphonic acids, tri-phosphonic acids, poly- 
phosphonic ^cids, phpsphonoacetic, acids, and mixtures thereof. , 

8. .. The system .of, claim .1-7, wherein at least one polishing additive is selected 
30 .. .from the group consisting of ethylene 

1 -hydroxyethylidene- 1 , 1 -di-phosphonic acid, and a mixture thereof. . , , , ; 

9. The system of any of claims 1-8, wherein at least one polishing additive is 
selected from the group consisting of primary amines, secondary amines, tertiary amines, 

35 hydroxylated amines, and mixtures thereof. 
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10 . The system of any. claims 1^ wherein, at least one polishing additive 
comprises the structure XY- NCR l R 2 CR^X'Y:^herein X, Y,*', Y'„R ,R . R . and 
R< are selected from the group consisting of hydrogen (H) atoms, heteroatom-contaming 
functional groups, ■ Chalky* & ovvs^tM^^*^™-C20 alkyl groups, 
5 cyclic ^groups, hcfcaw*^^ . groups, . Heteroatom- 

, :eonta^g. aromatic, groups,^ 

........ , f . iV . •■■(. .-.r. t. •^■■■-■-t- ■cn-jiv^M^^ " ; • • • 

11 The system of claim 1-10, wherein at least one polishing additive 
comprises the stmclwe XY-r NGR 1 R ? GR 3 R^N-X ? Y? ,-. wherein X and X' are H atoms, and 
10 wherein Y Y' R 1 , R 2 , R 3 , and R 4 are selected from the group consisting of hydrogen (H) 
atoms heleroatom-containing functional groups, alkyl groups, heteroatom-contauung 
alkyl, groups, cyclic groups, heteroatomicohtaining cyclic .groups, aromatic groups, 
heteroatom-cpntaining aromatic groups, and combinations thereof , 

15 12 The system of claim 1,11,: ^herein at rleast one polishing additive 

comprises the structure XY- NCR'R 2 CR 3 R*N -X'Y>, where* X, Y, X', and Y> are : H 
atoms and wherein R 1 , R 2 , R 3 , and R 4 are selected from the group consisting of hydrogen 
(H),atoms, heteroatom-Qontaining functional, groups, alky^^^ 
'."alkyl groups, 'cyclic groups, heteroatom-containing^ cyclio groups, aromatic groups, 

20 heteroatom-containing aromatic groups, and combinations thereof. 

13 , .The system of any of claims^ -12, wherein at- least one polishing additive is 
selected from the group consisting of aminoethyle&anolamirie.polyethylemmme, and a 
mixture thereof. 

1 4 " The system of any of claims 1-13, wherein at least one polishing additive is 
ethylenediamine. 

15 The system of any of claims 1,14, wherein at. least owe. polishing additive is 
both (a) a compound selected from the group consisting of pyrophosphates, condensed 
phosphates, phosphonic acids and salts thereof, and (b) a compound selected from the 
group consisting of amines, amino alcohols, amides, imine^imirio acids, mtnles, and 

nitros. 

' 16 The system of any of claims 1-15, wherein at least one polishing additive is 
both (a) a compound selected from the group consisting of amines, amino alcohols, 
amides, imines, imino acids, nitriles, and nitros, and (b) a compound selected from the 



25. 



30 



35 
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• .group consisting of thiols, thioesters, andthioethers, carbothiolic acids, carbothionic acids, 
thiocarboxylic acids, and thiosalicylic acids. '* 

.17. The .systenv of any of claims 1-16, wherein at least one polishing additive is 
5:^ . selected from .frthet?' group . ; i consisting: m of r 2-^ninoethyl phosphonic acid, 
amino(trimethylenephosphonici o? v acid); : I : diethyterietriarttoepenta(m^ 
acid), hexamethylenediaminetetra(methylene phosphonic acid), and mixtures thereof. 



18. The- system', of any df claims>:l-17, wherein the 'System further comprises a 
10 source of ammonia. ' ;« ,v : . ":; "i • / ' . " 

19. The- system of any: ;ofcclaims 1-18, wherein the system comprises (i) 
aminotri-(methylerifephosphonic acid) and (ii) ammonia or an' ammonium salt. 

15 ..20. The system of any of claims 1-19,~ wherein the system further comprises at 

least one stopping compouhd. . : ' ^ . 

; -21, The: system of any pfjclaims 1-20/ wherein the system further comprises at 

■ least one polymeric compound that reduces the polishing rate rof at least one layer 
20 associated with the substrate. . > ■ ■ 

22. The system of any of claims 31-21, wherein the system further comprises at 
: . \ least one passivation -filmrTorming/agent. ; ^ ; , . • 

25 23. The system of any of claims 1-22, wherein the abrasive is a metal oxide 

• -abrasive.:"' :■ . )-.. aw*. - l ■ ■ - 

24. The system of claim 23, wherein the abrasive is selected from the group 
consisting of alumina;*, iceria, . germania, 5 silica, titania, zirconia, and coformed products 
30 thereof* and mixtures thereof *. ^ r--j- . . '* • 

.* , 25.;. The system .of claim 24, wherein the abrasive is alumina. 

26. The system of any of claims 1-25, wherein at least one oxidizing agent is a 
35 peroxide.. 1 ' • 
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29 1 
method of polishing a substrate comprising contacting a surface of a 



f^^claims-i^^ 



27. A 
- substrate the system ot any o 
•■therewith. . : ,. lr . ; .., ...„•..■..<- . ; . ... 

5 28 ~ - • At msthod— for po^^^m^^^^^ 5 ^^ 

includes a first metal laye/and a second layer comprising the steps of: 

. (a) -contacting the f^^n^^mm^^oic^ ^e,^ 

(b) polishing the first metal layer with the system until at least a porhon of the 
first metal layer is removed from the substrate. 



.c: - r 



•..if.' ' ..IV 



',,1 U. . 



BNSDOC1D- <WO 0112740A1J_> 



T 



INTERACTIONAL SEARCH REPORT 



Int tional Application No 

PCT/US 00/21938 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 C09G1/02 



According to International Patent Classification (IPC) or to both national classification and IPC 

: — . , - - - . ' . — - . ■ , 

B. FIELDS SEARCHED * 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 C09G H01L C09K 



Documentation searched other 'than m&irnurh documeYrtation to" the 1 extent that "such documents are included in the fields searched 



Electronic data base consulted during the- international search (name of data base and/' where practical, search terms used) 

EPO-Internal , WPI Data,* PAJ ^ v - ; v; ■ <\ - 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° 



Citation of document with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



EP 0 845 512 A (FUJIMI INC) 
3 June 1998 (1998-06-03) 
page 3, line 49-56 
page 4, line 20-39 
page 5, line 25-28 

EP 0 896 042 A (CABOT CORP) 
10 February 1999 (1999-02-10) 

paragraphs « 0024!-' 0029 !, '0032! 

paragraphs '0030! , *0032!-'0035! 

paragraphs ' 0043 ! , ' 0050 ! 

paragraphs '0055! , '0058! , '0064! ; table 



1,3,4, 
23-28 



1,3,4,9, 

23,24, 

26-28 



□ 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



° Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use. exhibition or 
other means 

*P" document published prior to the international filing date but 
later than the priority date claimed 



*T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

'&' document member of the same patent family 



Date of the actual completion of the international search 



31 October 2000 



Name and mailing address of the ISA 

European Patent Office, P.B. 581 8 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Date of mailing of the international search report 



13/11/2000 



Authorized officer 



Miller, A 



Form PCT/ISA/210 (second sheet) (July 1992) 



BNSDOCID: <WO 0112740A1_ 



INTERNATIONAL SEARCH REPORT 

Intormailon on patent family members 



Int ft Uonal Application No 

PCT/US 00/21938 




EP 0845512 



03-06-1998 



EP 0896042 



10-02-1999 



JP 
OP 
OP 
CN 
SG 

US 
AU 
OP 
WO 



10158634 A 

10163141 A 

10163142 A 
1185472 A 

68005 A 

6083419 A 
8595498 A 
11116948 A 
9905706 A 



16-06-1998 
19-06-1998 
19-06-1998 
24-06-1998 
19-10-1999 



04-07-2000 
16-02-1999 
27-04-1999 
04-02-1999 



fom PCT/ISAS10 (patent tanUy annex) (July 1 992) 
BNSDOCID <WO__0112740A1_L> 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




FADED TEXT OR DRAWING 



